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Recently, models of the subsurface temperature distributions of icy 
satellites have suggested the possibility of a solid-state greenhouse effect. 
(Brown and Matson 1987, Icarus 72, 84-94; Matson and Brown 1988, Icarus, in 
press). The effect arises primarily because insolation is absorbed over a 
finite distance in a regolith, rather than at the surface as is assumed by 
most classical thermophysical models. The extent of the effect, and the sub- 
surface temperatures achieved as a result, may have important implications for 
geophysical models of high-albedo, icy bodies. This is because actual 
boundary-layer temperatures may in fact be significantly higher than those 
assumed in previous studies, facilitating interior melting of such bodies. 

An important parameter for the calculation of the size of any solid-state 
greenhouse effect is the penetration scale length for visual sunlight ( c )  in 
icy regoliths. Estimates of r can be obtained by fitting solid-state green- 
house models to thermal-infrared observations of eclipses of icy satellites. 
This is possible because solid-state greenhouse models predict quite different 
shapes for both the cool-down and warm-up flux curves as compared to those 
predicted by a model that doesn't allow for surface penetration of sunlight. 
Accordingly-, we have investigated several models, including solid-state green- 
house models, to fit recently obtained, narrow-band observations of eclipses 
of Europa and Ganymede at 8.7 pm. We chose these two bodies for our initial 
work because their albedos suggest that sunlight may penetrate their regoliths 
deeply enough to cause significant subsurface heating. The models we have con- 
structed are more detailed that those used in the previous analyses of eclipse 
heating and cooling curves by Morrison and Cruikshank (see chapter by Morrison 
in Planetary Satellites (J. A. Burns, Ed.), pp. 269-301, University of Arizona 
Press, Tucson), primarily because far more computing power is available for 
contemporary investigations. 

The figure on the next page shows preliminary results of our modeling 
work on 8.7-um Eurooa data obtained in 1988. In all the models we assumed 
that Europa's surface and near subsurface is composed of slightly dirty water 
ice with a bolometric hemispherical albedo of 0.6. The top panel shows 
eclipse flux curves from models whose thermal properties are independent of 
depth. The upper curve results from a thermal inertia of 2 x lo5 
(efg/cmZ/G/~) and the lower curve results from a thermal inertia of 6.3 x 
10 . Although a value intermediate to the ones chosen will match the cooldown 
portion of the curve reasonably well, it will not match well the warmup por- 
tion. In the second panel are two-layer models assuming a constant upper- 
layer thickness of 0.5 cm with a constant thermal inertia of 1.2 x lo4 , while 

4 varying the thermal inertia of the lower layer over a range from 6.3 x 10 
(lower curve) to 6.3 x lo5 (upper curve). It is clear from the trend of the 
curves that a two-layer model, with a low thermal inertia upper layer and a 
nearly solid ice lower layer doesn't match the observations. The lower panel 
shows th? results of a model calculation assuming a uniform thermal inertia of 
1.2 x 10 with a r of 0.5 cm. Although it matches the depth of the eclipse 
curve as well as the out of eclipse flux near 110" longitude, the curve shape 
is wrong. This results because the mathematically rigorous upper boundary 
condition used in the model allows no sunlight to be absorbed at the surface. 
It is almost certainly the case that the solar flux longward of 2.5 pm is 
absorbed at the surf ace, leaving the remaining sunlight to penetrate various 
distances in the regolith depending on the absorption coefficient of water 
ice. We therefore conclude that the simple models shown here will have to be 
refined in part by accounting for the differing zetas of insolation over the 
wavelength range of the solar spectrum before a more satifactory match can be 
obtained. The results of further modeling efforts ,will be presented at the 
meeting . 
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